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Straight Members 


When dealing with cylindrical vessels, piping and similar configurations, all 
longitudinal elements of the vessel wall, loaded symmetrically with respect to the 
axis of the vessel, behave as beams on elastic foundation. The elastic foundation 
is provided by the adjacent elements of the vessel. Any radial displacement of 
the longitudinal element creates a strain in the hoop direction because the sides 
of an individual element are not free to rotate and are not able to accommodate 
any lateral deformation due to the Poisson’s ratio effect. This set of constraint 
conditions can be represented by a reactive force on the element which opposes any 
deflection (Fig. 24.9). In mathematical terms, this model can be defined in relation 
to cylinder dimensions such as radius R and wall thickness T. According to the 
theory of elasticity, the strain in the hoop direction is equal to y/R if the radial 
displacement is denoted by y. Consequently, by Hooke’s law the corresponding 
hoop stress must be equal to Ey/R, and hoop force per unit length of the element 
becomes N = ETy/R. Since the angle subtended by the element of unit width is 
equal to 1/R, it can be shown that the relevant reactive force F is 
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(24.25) 


Since the modulus of foundation can be looked upon as a spring constant equal 
to F/y, we get 
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The flexural rigidity El for a flat plate element can be defined as 


El = 


ET 3 

12(1 - v 2 ) 


(24.27) 


Hence, substituting Eqs. (24.26) and (24.27) into Eq. (24.18) and putting v = 0.3 
yields 
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Fig. 24.9 Equilibrium diagram for a wall element. 



